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(54) CAPILLARY FOR OPTICAL FIBER. FERRULE FOR OPTICAL CONNECTOR, AND 
CAPILLARY WITH OPTICAL FIBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a capillary for 
an optical fiber with which a low connection loss can be 
obtained easier than before without perfonming any 
troublesome aligning operations, a ferrule for an optical 
connector which uses the capillary, and a capillary with 
an optical fiber. 

SOLUTION: The capillary 20 for optical fiber is 
characterized in that the Ra value of the surface 
roughness of an internal hole 20a into which an optical 
fiber can be inserted is 0.1 to 0.5 jim. The ferrule 21 for 
the optical connector has a chamfered part 21 d which 
guides the insertion into a sleeve at one end of the 
capillary for the optical fiber and a flare part 21 e which 
has an opening at the other end and guides the optical 
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fiber into the internal hole 21a. Further, the capillary 22 with the optical fiber has the optical 
fiber 23 inserted into the internal hole 22a. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The capillary tube for optical fibers which an optical fiber is equipped with the inner hole 
which has the bore in which insertion maintenance is possible, and is characterized by Ra value of the 
surface roughness of this inner hole being 0.1 micrometers - 0.5 micrometers. 
[Claim 2] The capillary tube for optical fibers according to claim 1 characterized by Ry value of the 
surface roughness of an inner hole being 4.0 micrometers or less. 

[Claim 3] The capillary tube for optical fibers according to claim 1 or 2 characterized by the difference 
of the average line of the surface roughness of an inner hole and a crest crest line being 2.0 micrometers 
or less. 

[Claim 4] The capillary tube for optical fibers given in any of claims 1-3 characterized by consisting of 
glass ceramics which deposited the crystal in amorphous glass, and the crystal grain child depositing on 
the surface of an inner hole they are. 

[Claun 5] The capillary tube for optical fibers given in any of claims 1-4 characterized by commg to 
prepare predetermined surface roughness with a mechanical processing means on the surface of an irmer 
hole they are. 

[Claim 6] The ferrule for optical connecters by which the chamfer which shows insertion to a sleeve to 
one edge, and the flare section which carries out [ the section ] opening to the other-end section, and it 
shows to an optical fiber in an inner hole are formed in the capillary tube for optical fibers given in any 
of claims 1-5 they are. 

[Claim 7] A capillary tube with an optical fiber equipped with the capillary tube for optical fibers given 
in any of claims 1-5 they are, and the optical fiber inserted in the inner hole of this capillary tube for 
optical fibers. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the capillary tube for optical fibers used for 
manufacture of an optical device, the ferrule for optical connecters, and the capillary tube v^th an optical 
fiber which inserted the optical fiber in the inner hole. 
[0002] 

[Description of the Prior Art] In recent years, high performance and a cheap optical device are needed in 
large quantities with rapid development of an optical-communication network. The capillary tube with 
an optical fiber and the optical connector plug which are called the optical fiber stub of the shape of a 
cylinder which inserted the optical fiber in the precise capillary tube, and fixed with adhesives are used 
for the optical device of a plug mold and the optical device of a receptacle mold having especially an 
optical fiber. 

[0003] For example, as shown in drawing 12 , it functions as processing one end face of a capillary tube 
with an optical fiber on an other-end side in a slanting polished surface at the convex spherical surface 
as an optical fiber stub 6. In order to carry out outgoing radiation fi-om laser diode 1, to adopt the 
lightwave signal condensed with the lens 2 and to transmit to the optical fiber 5 in the ferrule 4 for 
optical connecters of the optical cormector plug 3, or since it condenses to the photodiode which does 
not illustrate the lightwave signal which carried out outgoing radiation fi-om the optical fiber 5 in mner 
hole 4a of the ferrule 4 for optical connecters, this optical fiber stub 6 is used. 

[0004] Polish processing of the end-face 7b is carried out so that the reflected light may go into a laser 
diode 1 in end-face 7b of the capillary tube 7 for optical fibers by the side of a laser diode 1 (or 
photodiode), this optical fiber stub 6 may not become a noise, and a reflective shaft may accomplish the 
include angle of abundance to the incidence shaft of a lightwave signal Furthermore, end-face 7c of the 
opposite side compares the optical cormector plug 3 and an optical fiber 8, and polish is carried out to 
the convex spherical surface centering on end-face 8a of an optical fiber 8 so that PC (the abbreviation 
for physical contact) connection may be possible. 

[0005] Connection between the optical connector plug 3 and the optical fiber stub 6 is made by PC 
cormection which compares end-face 5a of the optical fiber 5 processed into the convex spherical 
surface of the optical connector plug 3, and end-face 8a of the optical fiber 8 of the optical fiber stub 6 
within a split sleeve 9, as shown in drawing 12 . 

[0006] Generally as coimection of such a lightwave signal, connection of the optical connecters used for 
mass optic fiber communication is typical. In connection of an optical connecter, as shown in drawing 
13 R> 3, the ferrule 1 1 for optical connecters which processed into the predetermined configuration the 
precise capillary tube equipped with inner hole 1 la which has the bore in which the optical connector 
plug 10 can insert an optical fiber 12 is used, an optical fiber 12 is inserted in the inner hole 11a with 
adhesives, and the end face is processed into it by the convex spherical surface. Connection of these 
optical connector plug 10 comrades is made by PC connection which compares end-face 12a of an 
optical fiber 12 within a split sleeve 13. The connection loss at this time mainly originates in the 
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imperfect alignment of optical fiber 12 comrades of PC connection, and is produced. The imperfect 
alignment of optical fiber 12 comrades is produced as that by which inner hole 1 la of the outer-diameter 
difference of ferrule 1 1 comrades for optical connecters used, the roundness of inner hole 1 la of an end 
face, the cylindricity of peripheral face 1 lb, and the ferrule 1 1 for optical connecters, the concentricity 
of peripheral face 1 lb, and the eccentricity of the optical fiber 12 within inner hole 1 la of an end face 
were accumulated. The concentricity of inner hole 11a of ferrule 1 1 end face for optical connecters and 
peripheral face 1 lb and the eccentricity of the optical fiber 12 within inner hole 1 la of an end face have 
contributed to the imperfect alignment of the optical fibers compared most among these. Therefore, by 
the communication link which uses a smgle mode optical fiber, the concentricity of the ferrule 1 1 for 
optical connecters is specified as 1.4 micrometers or less. Moreover, the ferrule large 0-1 micrometer is 
used to the outer diameter of the optical fiber 12 with which bore 1 la is inserted. Generally the amount d 
of imperfect alignments of such an optical fiber 12 and the relation with the connection loss Loss (unit 
dB) are expressed with the following formula, when the core diameter of an optical fiber is set to w. 
[0007] 
[Equation 1] 

Los s = 4. 34 (d/ (w/2)) ^ 

[0008] Here, the factor of connection loss is limited to the concentricity of inner hole 1 la and peripheral 
face 1 lb, and the eccentricity of the optical fiber 12 within inner hole 1 la, and is considered. First, the 
concentricity of the ferrule 1 1 for optical connecters is 1.4 micrometers or less, and when an optical 
fiber carries out 0.5-micrometer eccentricity v^thin inner hole 1 la using the ferrule 1 1 for optical 
connecters with the bore of inner hole 1 la larger 1 micrometer than an optical fiber 12, the eccentricity 
in another [ to compare ] ferrule is considered the same way, and the amount of imperfect alignments is 
set to 2.4 micrometers in the worst case, and it becomes 1 .OdB [ a maximum of] connection loss by 
above several 1. So, in order to attain the connection loss of 0.5dB or less specified to the specification 
(JIS-C -5962) of the optical connecter for a communication link using a quartz system single mode 
optical fiber, the alignment activity which rotates the ferrule 1 1 for optical fibers is needed. An actual 
alignment activity first measures the concentricity of inner hole 1 la of ferrule 1 1 end face for optical 
connecters, and peripheral face 1 lb. Marking of the eccentric direction is carried out to the side face of 
the flange material 14 in 90-degree pitch (1/4 rotation pitch). Actually acting [ as the eccentric 
direction of ferrule 1 1 comrades for optical connecters to compare is doubled, assemble it, or ] as the 
monitor of the luminous intensity with a power meter etc. through light An emergency [ say / 
assembling m the location where it rotates the 1/4-rotation ferrule 1 1 for optical connecters at a time, 
and connection loss becomes best ] takes time and effort, and it is a troublesome activity. 
[0009] On the other hand, although the same phenomenon also as an optical device as shown in drawing 
12 of the account of the point happens In the case of positioning with the optical axis of the case where 
the optical connector plug 3 and the optical fiber stub 6 are connected, and the lightwave signal (or 
lightwave signal by which outgoing radiation is carried out) condensed with the lens 2, and the core of 
the optical fiber 8 in inner hole 7a of the capillary tube 7 for optical fibers used for the optical fiber stub 
6 Since polish processing is carried out and a location is fixed so that the include angle of abundance 
may be accomplished without taking into consideration the eccentric direction of the optical fiber 8 
which has end-face 7b of the capillary tube 7 for optical fibers of the optical fiber stub 6 in inner hole 7a, 
an alignment activity cannot be done on the structure. Therefore, the imperfect alignment which 
originated in the eccentricity of the optical fiber 8 in inner hole 7a among the imperfect alignments 
between both cannot be mitigated, but there is a problem on which connection loss of a lightwave signal 
increases. 

[0010] moreover, as shown in drawing 13 , in order for the tolerance of concentricity to be 1.4 
micrometers or less and for the tolerance of a bore to mass-produce the ferrule 1 1 for optical connecters 
of the very severe dimensional accuracy of -0 micrometer / +1.0 micrometers to the diameter of an 
optical fiber 12 For example, at least, when the ferrule 1 1 for optical connecters is the most general 
product made fi-om zirconia ceramics, in order to process and finish the sintered compact of an 
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ingredient, Ra value of surface roughness needs to carry out polish processing of the inside-and-outside 
side so that it may be set to less than 0.1 micrometers. 

[001 1] When Ra value of the surface roughness which such a ferrule 1 1 for the optical connecters made 
from zirconia ceramics possesses inserts an optical fiber 12 in inner hole 1 la which is less than 0. 1 
micrometers and fixes with adhesives, an optical fiber 12 is in the inclination which inclines and carries 
out eccentricity to an inner hole 1 la side attachment wall, it is known that the core in inner hole 1 la 
cannot align easily, and artificers are also checking this fact. Therefore, in order to attain less than 0.5dB 
which is the default value of the connection loss indicated by the specification (JIS-C -5962) of the 
optical connecter for a single mode optical fiber communication link of a quartz system in the ferrule 1 1 
for optical connecters which has small surface roughness, such as the conventional product made from 
zirconia ceramics, the above troublesome alignment activities were indispensable. Although the 
phenomenon of the optical fiber stub 6 and the optical connector plug 3 which are shown in drawing 12 
same also in the case of connection happens, since an alignment activity cannot be performed, when the 
capillary tube 7 for optical fibers made from the conventional zirconia ceramics is used, the imperfect 
alignment resulting from the eccentricity of the optical fiber 8 in inner hole 7a cannot be mitigated, but 
there is a problem on which loss of a lightwave signal increases on the structure of the optical fiber stub 
6. 

[0012] Moreover, what large capacity and/or high-reliability are required as among the applications of 
optical communication may be asked for connection loss still lower than 0.5dB which is the defauU 
value of connection loss of an optical connecter. There is no means besides setting up more severely 
than standard tolerance the tolerance of bore 1 la of the ferrule 1 1 for optical connecters shown in 
drawing 13 in order to correspond to such a demand, or the tolerance of concentricity, and in order to 
sort out and manufacture what has good dimensional accuracy out of the produced ferrule 1 1 for optical 
connecters, cost becomes high very much. Moreover, since an alignment activity cannot be performed 
when PC connection is the same structure as the ferrule for optical connecters and low connection loss is 
similarly searched for about the optical fiber stub 6 shown in drawing 12 which processed the capillary 
tube with an optical fiber and dimensional accuracy becomes severe further, there is a problem of 
becoming very expensive. 

[0013] This invention aims at being made in view of the above-mentioned trouble, and low connection 
loss being acquired more easily than before, and offering the cheaply producible capillary tube for 
optical fibers, and the ferrule for optical connecters using it and a capillary tube with an optical fiber. 
[0014] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, artificers resulted in 
the following invention. That is, an optical fiber is equipped with the inner hole which has the bore in 
which insertion maintenance is possible, and the capillary tube for optical fibers concerning this 
invention is characterized by Ra value of the surface roughness of an inner hole being 0.1 micrometers - 

0.5 micrometers. 

[0015] Since it is in the inclination in which the optical fiber inserted as the surface roughness Ra value 
of the inner hole of the capillary tube for optical fibers is less than 0,1 micrometers approaches and 
carries out eccentricity to an inner hole side attachment wall, the alignment effectiveness is not 
expectable. Ry value defined as the maximum granularity on the other hand when Ra value of the 
surface roughness of an inner hole exceeds 0.5 micrometers - a considerable amount, since becoming 
large is expected There are the case the center position of the maximum inscribed circle cylinder of an 
inner hole shifting increasing to the core of the circle made by the average line of the surface roughness 
of an inner hole like the above, and the original concentricity of an inner hole itself worsening as for a 
parenchyma top, and a possibility of a blemish taking lessons from the inserted optical fiber front face, 
and inviting a fall on the strength. It is important that Ra value of the surface roughness of an inner hole 
is 0.1 micrometers - 0.5 micrometers in the capillary tube for optical fibers of this invention. 
[0016] For example, when it constitutes an optical connector plug and an optical fiber stub using the 
capillary tube for optical fibers made from zirconia ceramics, in order to ftilfiU the connection loss 
specified with the optical connecter Although severe dimensional accuracy (-0 micrometer of tolerance 
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of a bore, +1 .0 micrometers, 1 .4 micrometers or less of tolerance of concentricity) is attained because 
precision improves Ra value of the surface roughness of an inner hole polish processing to less than 0.1 
micrometers If Ra value of surface roughness is set to 0.5 micrometers or more, it v^ill become almost 
impossible it to become difficult to satisfy this dimensional accuracy, and to stabilize and mass-produce. 

[0017] Moreover, also when it constitutes an optical connector plug and an optical fiber stub using the 
crystallization glass capillary tube for optical fibers produced by extension shaping, it is difficult for Ra 
value of surface roughness to satisfy similarly the severe dimensional accuracy as a capillary tube used 
for an optical fiber stub in 0.5 micrometers or more, and it becomes difiFicult to manufacture a cheap 
optical fiber stub in large quantities. 

[0018] Moreover, the capillary tube for optical fibers of this invention is characterized by Ry value of 
inner hole surface roughness being 4.0 micrometers or less. 

[0019] When the surface roughness Ry value of the inner hole of the capillary tube for optical fibers 
exceeds 4.0 micrometers, there is a possibility that the center position of the maxunum inscribed circle 
cylinder of an inner hole may shift, to the core of the circle made by the average line of the surface 
roughness of an inner hole, as for a parenchyma top, the original concentricity of an inner hole itself 
worsens, and also a blemish may be given to the optical fiber front face inserted at the heights tip 
projected keenly. When securing the close dimensional accuracy of an inner hole in the capillary tube 
for optical fibers of this invention, it is important that it is 4.0 micrometers or less as a Ry value of the 
surface roughness of an iimer hole. 

[0020] Moreover, the capillary tube for optical fibers of this invention is characterized by the difference 
of the average line of the surface roughness of a capillary tube inner hole and crest crest line which are 
used for it being 2.0 micrometers or less. 

[0021] When the difference of the average line of surface roughness and crest crest line which are 
defined by JIS-B-0601 of the inner hole of the capillary tube for optical fibers exceeds 2.0 micrometers. 
There is a possibility that the center position of the maximum inscribed circle cylinder of an inner hole 
may shift, to the core of the circle made by the average line of the surface roughness of an inner hole, 
and, as for a parenchyma top, the original concentricity of an inner hole itself worsens, and also a 
blemish may be given to the inserted optical fiber front face at the heights tip projected keenly. When 
acquiring the alignment effectiveness of the optical fiber in an inner hole in the case of the capillary tube 
for optical fibers which constitutes capillary tubes with an optical fiber, such as an optical connector 
plug and an optical fiber stub, fi-om a capillary tube for optical fibers of this invention, it is important 
that the difference of the average line of surface roughness and a crest crest line is 2.0 micrometers or 
less to the average line of surface roughness even when heights and a crevice are unsymmetrical. 
[0022] Moreover, the capillary tube for optical fibers of this invention consists of glass ceramics which 
deposited the crystal in amorphous glass, and is characterized by the crystal grain child depositing on the 
surface of an inner hole. 

[0023] As a crystal deposited in amorphous glass by this invention, in order to set Ra value of the 
surface roughness of the capillary tube inner hole for optical fibers to 0.1 micrometers - 0.5 
micrometers, if the diameter of crystal grain is 0.1 micrometers - about 1.0 micrometers, it is usable, for 
example, the crystal of beta-spodumene etc. is suitable. 

[0024] Moreover, the capillary tube for optical fibers of this invention is characterized by coming to 
prepare predetermined surface roughness with a mechanical processing means on the surface of an inner 
hole. 

[0025] With a mechanical processing means to prepare the above-mentioned predetermined surface 
roughness in the front face of an inner hole with the capillary tube for optical fibers of this invention For 
example, although intemal grinding and polish which use a wire, an abrasive grain, etc. are generally 
performed in order to take out good dimensional accuracy, in case capillary tubes for optical fibers, such 
as a product made from zirconia ceramics, are produced It is possible to prepare the surface roughness 
controlled intentionally at predetermined within the limits etc. by using the internal-grinding processing 
equipment used in the phase before finishing polish. The inner hole whose Ra value of surface 
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roughness is 0.1 micrometers - 0.5 micrometers by such processing means, Ra value of surface 
roughness is 0.1 micrometers - 0.5 micrometers. Ry value of surface roughness An inner hole 4.0 
micrometers or less, It enables the difference delta of an average line and a crest crest line for Ra value 
of surface roughness to be 0.1 micrometers - 0.5 micrometers, to equip the difference of an average line 
and a crest crest line with an inner hole 2.0 micrometers or less, Ra value of these surface roughness, 
and Ry value, and to form an inner hole 2.0 micrometers or less. 

[0026] Moreover, it says that the pin gauge in which the inner hole of the capillary tube for optical fibers 
of this invention has the same diameter as an optical fiber as having the bore which can insert an optical 
fiber passes, and says that a pin gauge with a diameter bigger 1 micrometer than an optical fiber passes 
[ a bore ] that it is large 1 micrometer to an optical fiber, and a slightly bigger pin gauge than it does not 
pass. An optical fiber cannot be inserted as spacing of an inner hole and an optical fiber is 0 micrometer, 
but on the other hand, since the adhesives poured into the surroundings of an optical fiber move to a 
circumferencial direction and it inclines when spacing of an inner hole and an optical fiber exceeds 2.0 
micrometers, the eccentricity of the optical fiber in an inner hole becomes large. 
[0027] Moreover, the ferrule for optical connecters of this invention is characterized by forming in the 
capillary tube for optical fibers of above-mentioned this invention the chamfer which shows insertion to 
a sleeve to one edge, and the flare section which carries out [ the section ] opening to the other-end 
section, and it shows to an optical fiber in an inner hole. 

[0028] It is usable if it has a connectable outer diameter, a bore, concentricity, and cylindricity by other 
optical connector plugs and predetermined connection loss as a ferrule for optical connecters of this 
invention. Moreover, it is desirable that fluctuation of the connection loss which there is no trouble that 
it is the same dimension configuration as the existing ferrule for optical connecters as a chamfer to 
which it shows insertion to a sleeve in use, and is the configuration which can be inserted easily and 
originates an optical fiber in environmental temperature fluctuation etc. after fixing of an optical fiber as 
the flare section in an inner hole is the dimension which is not large. Furthermore, preliminary convex 
spherical-surface polish for PC connection centering on the inner hole end face in which an optical fiber 
is inserted may be carried out to other optical connector plugs so that PC coimection may be possible. 
[0029] Moreover, the capillary tube with an optical fiber of this invention is characterized by having the 
optical fiber inserted in the inner hole of the capillary tube for optical fibers of above-mentioned this 
invention, and this capillary tube for optical fibers. 

[0030] As a capillary tube with an optical fiber of this invention, there are an optical connector plug, an 
optical fiber stub, reserve material with an optical fiber of the long picture used for these production, 
etc., and it is applicable if an optical fiber is correctly located at the core of the capillary tube for optical 
fibers. When comparing an optical connector plug, an optical fiber stub, etc. within a precision sleeve 
and connecting, it is desirable to form a chamfer in the end of the capillary tube for optical fibers at 
least, and convex spherical-surface polish centering on the end face of an optical fiber may be carried 
out to other optical connector plugs so that PC connection may be possible. Moreover, polish processing 
may be carried out so that the reflected light may go into laser diode at the end face of the capillary tube 
for optical fibers, it may not become a noise and an end face may accomplish the include angle of 
abundance to the incidence shaft of a lightwave signal. The epoxy mold which has a track record in the 
inner hole of the capillary tube for optical fibers as adhesives which insert an optical fiber according to 
the purpose, the ultraviolet curing mold excellent in workability, etc. are suitable. 
[0031] 

[Function] It is thought that the capillary tube for optical fibers of this invention is acting by heights 
higher than the average line with which an inner hole fi-ont face is dotted since Ra value of the surface 
roughness of an inner hole is 0.1-0.5 micrometers influencing, and adhesives, such as an epoxy system 
which has moderate viscosity, covering a circumferencial direction, and being stabilized and held on an 
inner hole front face so that an optical fiber may be maintained to the mid gear of an inner hole. 
[0032] Moreover, since the center position of the maximum inscribed circle cylinder of an inner hole 
does not shift to the core of the circle made by the average line of the surface roughness of an inner hole 
since Ry value of the surface roughness of an inner hole is 4.0 micrometers or less but the capillary tube 
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for optical fibers of this invention can secure roundness with a high inner hole, and concentricity with a 
peripheral face, the desired alignment effectiveness is acquired and it does not damage the front face of 
the inserted optical fiber. 

[0033] Furthermore, since the difference of the average line of the surface roughness of an inner hole 
and a crest crest line is 2.0 micrometers or less, the capillary tube for optical fibers of this invention To 
the average of surface roughness, even when heights and a crevice are unsymmetrical, the center 
position of the maximum inscribed circle cylinder of an inner hole does not shift to the core of the circle 
made by the average line of the surface roughness of an inner hole. Roimdness with a high inner hole 
and concentricity with a peripheral face are securable, and since the front face of the inserted optical 
fiber is not damaged, the desired alignment effectiveness is brought about. 

[0034] Moreover, by the capillary tube for optical fibers of this invention consisting of glass ceramics 
which deposited the crystal in amorphous glass, and processing crystalline glass thermally on suitable 
conditions Because the crystal grain child who deposited on the surface of the inner hole forms heights 
on the surface of an inner hole The inner hole whose Ra value of surface roughness is 0.1 micrometers - 
0.5 micrometers, and Ra value of surface roughness are 0.1 micrometers - 0.5 micrometers. And the 
capillary tube with which Ry value of surface roughness has an inner hole 4.0 micrometers or less, and 
Ra value of surface roughness are 0.1 micrometers - 0.5 micrometers. And the capillary tube with which 
the difference of an average line and a crest crest line is equipped with the capillary tube which has an 
inner hole 2.0 micrometers or less, Ra value of these surface roughness, and Ry value, and the difference 
of an average line and a crest crest line has an inner hole 2.0 micrometers or less is efficiently [ easily 
and ] producible. 

[0035] Furthermore, since the capillary tube for optical fibers of this invention comes to prepare 
predetermined surface roughness with a mechanical processing means on the surface of an inner hole 
The inner hole whose Ra value of surface roughness is 0.1 micrometers - 0.5 micrometers by using 
internal-grinding processing equipment etc., The capillary tube with which Ra value of surface 
roughness is 0.1 micrometers - 0.5 micrometers, and Ry value of surface roughness has an inner hole 4.0 
micrometers or less, And the capillary tube with which Ra value of surface roughness is 0. 1 micrometers 
- 0.5 micrometers, and the difference delta of an average line and a crest crest line has an irmer hole 2.0 
micrometers or less, And the capillary tube for optical fibers with which it has Ra value and Ry value of 
these surface roughness, and the difference of an average line and a crest crest line has an inner hole 2.0 
micrometers or less is producible under room temperature conditions. 

[0036] Moreover, since the flare section which carries out opening of the ferrule for optical connecters 
of this invention to the chamfer which shows insertion to a sleeve to one edge at the capillary tube for 
optical fibers of above-mentioned this invention, and the other-end section, and it shows to an optical 
fiber in an irmer hole is formed, centering on the irmer hole of the ferrule for optical connecters, an 
optical fiber comes to be correctly held according to the alignment effectiveness by the surface 
roughness of the capillary tube inner hole for optical fibers of above-mentioned this invention. 
[0037] Moreover, since the capillary tube with an optical fiber of this invention is equipped with the 
optical fiber mserted in the inner hole of the capillary tube for optical fibers of above-mentioned this 
invention, and this capillary tube for optical fibers, the capillary tube with an optical fiber with which 
the optical fiber was held at the core of an inner hole according to the alignment effectiveness by the 
surface roughness of the capillary tube inner hole for optical fibers of above-mentioned this invention is 
obtained. 
[0038] 

[Embodiment of the Invention] Artificers used the crystallization glass capillary tube for optical fibers 
which has the presentation shown in Table 1 as an example of the capillary tube for optical fibers 
concerning this invention. 
[0039] 
[Table 1] 
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[0040] As shown in drawing 1 (A), Ra value of the surface roughness of inner hole 20a produced the 
capillary tube 20 for optical fibers crystallization [ than an optical fiber / with the bore of inner hole 20a 
larger about 1.0 micrometers (0.95-1.05 micrometers) ] glass [ Ry / about 0.3 micrometers and ] in the 
difference of about 2.0 micrometers, an average line, and a crest crest line by about 1.0 micrometers. 
[0041] The capillary tube 20 for optical fibers was used, and the ferrule 21 for optical connecters as 
shown in drawing 1 (B) was produced. Namely, the produced ferrule 21 for optical connecters Are 
connectable with other optical cormector plugs by predetermined connection loss. An outer diameter 
1 .249mm* *0.5micrometer. The bore of inner hole 21a in which it has the above-mentioned 
predetermined surface roughness, and an optical fiber is inserted 0.125mm+l/-0micrometer, 
Concentricity is 0.7 micrometers or less, flare section 21e which carries out opening to one edge 21c, 
and shows an optical fiber to inner hole 21a is prepared, and in being required, 21f of flange members 
fixes. Moreover, 2 Id of C chamfers is prepared in the periphery edge at other-end section 21b. 
Moreover, since the product made from polish is excellent, the ferrule 21 for optical connecters which 
used the crystallization glass capillary tube 20 for optical fibers is easy for grinding to the convex 
spherical surface as it is, using a grinder etc., so that PC connection with other optical connector plugs 
may be possible. As shown in drawing 1 (B), the preliminary convex spherical surface centering on the 
end face of inner hole 21a may be formed to shorten polish time amount furthermore. 
[0042] Moreover, the crystallization glass capillary tube 20 for optical fibers was used, and the optical 
fiber stub 22 as shown in drawing 1 (C) was produced. Namely, the optical fiber stub 22 of this 
invention has fixed the optical fiber 23 with adhesives 24 to inner hole 22a which has the above- 
mentioned predetermined surface roughness. Polish processing of the end- face 22c is carried out so that 
the include angle of 8 degrees may be accomplished to a flat surface perpendicular to the incidence shaft 
of a lightwave signal since the reflected light goes into laser diode etc. and does not become a noise. 22d 
of C chamfering of the edge is prepared in the periphery section, and end-face 22b of the opposite side is 
ground by the convex spherical surface for PC connection centering on end-face 23a of an optical fiber 
23. 

[0043] The surface roughness of inner hole 20a of this capillary tube 20 for optical fibers was actually 
measured using the surface roughness measuring instrument. An example of the measurement chart 
which measured the surface roughness of inner hole 20a of the capillary tube 20 for optical fibers is 
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shown in drawing 2 . In the case of this capillary tube 20 for optical fibers, Ra value of surface 
roughness is [ the difference delta of 2.09 micrometers, an average line, and a crest crest line of 0.27 
micrometers and Ry value ] 1.0 micrometers. 

[0044] Moreover, tiie end face which fixed the optical fiber to the ferrule 21 for optical connecters 
produced using the capillary tube 20 for optical fibers with adhesives, and carried out polish finishing to 
it was observed with the electron microscope. The epoxy system adhesives currently generally used 
were used for the adhesives used for immobilization of an optical fiber, and the hardening conditions of 
adhesives were considered as maintenance for 60 minutes at 100 degrees C. As shown in drawing 3 , the 
optical fiber being settled and located in the amount of imperfect alignments of 0.1 micrometers, and 
aligning it about 0.4 micrometers compared with the theoretical amount of the maximum imperfect 
alignments through the layer of the adhesives of the thickness of an inner hole almost equal to a mid 
gear, was checked. 

[0045] Moreover, artificers use the capillary tube 20 for optical fibers like the above. It produces ferrule 
21 for optical connecters, concentricity is 1 .0 micrometers or less and the bore of inner hole 21a is larger 
than an optical fiber about 1 micrometer ~ It fixed to this ferrule 21 for optical connecters with 
adhesives, convex spherical-surface polish finishing of the optical fiber was carried out to it, it 
considered as the optical connector plug, and the connection loss when connecting eight samples at 
random, without doing an alignment activity was measured in the condition that it is shown in drawing 
1313 of the account of the point. The measurement result of actual connection loss is shown in drawing 
4 . The theoretical amount of the maximum imperfect alignments was set to 2.0 micrometers, when not 
aligning an optical fiber within inner hole 21a of the ferrule 21 for optical connecters, according to 
several 1 of the account of the point, it became 0.69dB [ a maximum of] connection loss, but in real 
measurement, the result which O.OSdB and Maximum connection loss call 0.24dB, and standard 
deviation calls [ average connection loss ] 0.06dB by passive alignment connection was obtained. It will 
be set to 0.26dB, if 3 times of standard deviation sigma are added to the average and Maximum 
connection loss of 99.7% of probability is searched for, in order to guess maximum. The amount of 
imperfect alignments calculated fi*om several 1 at the time of 0.26dB of connection loss is set to 1 .2 
micrometers. Therefore, the alignment effectiveness of the optical fiber within ferrule 21 inner-hole 21a 
for optical connecters from which the difference delta of 2.09 micrometers, an average line, and a crest 
crest line was acquired by the surface roughness which is 1.0 micrometers is about 0.4 micrometers, and 
it means that 0.27 micrometers and Ry value had had [ the optical fiber eccentricity within inner hole 
21a ] Ra values of inner hole 21a as few as 0.1 micrometers. This is in agreement with the observation 
result of the end-face electron microscope photograph of drawing 3 . 

[0046] Furthermore, Ra value of the surface roughness of inner hole 20a uses like the above the 
crystallization glass capillary tube 20 for optical fibers whose difference of about 2.0 micrometers, an 
average line, and a crest crest line about 0.3 micrometers and Ry value is about 1.0 micrometers. 
Concentricity is 0.7 micrometers or less and the bore of inner hole 21a produces the ferrule 21 for 
optical connecters larger about 1 micrometer than an optical fiber. It fixed to this ferrule 21 for optical 
connecters with adhesives, convex spherical-surface polish finishing of the optical fiber was carried out 
to it, it considered as the optical connector plug, and the connection loss when cormecting 14 samples at 
random, without doing an alignment activity was measured in the condition that it is shown in drawing 
13. of the account of the point. An actual measurement result is shown in drawing 5 . 
[0047] The theoretical amount of the maximum imperfect alignments was set to 1.7 micrometers, when 
not aligning an optical fiber, according to several 1, it became 0.5dB [ a maximum of] connection loss, 
but in actual measurement, the result which 0.06dB and Maximum connection loss call 0.1 4dB, and 
standard deviation calls [ average connection loss ] 0.03dB by passive alignment connection was 
obtained. It will be set to 0. 1 5dB, if 3 times of standard deviation sigma are added to the average and 
Maximum connection loss of 99.7% of probability is searched for, in order to guess maximum. The 
amount of the maximum imperfect alignments calculated fi-om several 1 at this time is set to 0.9 
micrometers. Therefore, the alignment effectiveness of the optical fiber in the ferrule inner hole obtained 
also fi-om this result by surface roughness found a certain thing for about 0.4 micrometers. It was in 
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agreement with the observation result of the electron microscope of drawing 3 also here. 
[0048] As mentioned above, it was checked that the capillary tube for optical fibers concerning this 
invention enables it to attain optical connecter connection of a low loss lightwave signal, without doing 
an alignment activity. 

[0049] On the other hand, as an example of a comparison, concentricity of the bore was larger than the 
optical fiber about 1.0 micrometers at 1.0 micrometers or less, after preparing the capillary tube made 
from zirconia ceramics whose Ra value is less than 0.1 micrometers and pouring in adhesives into an 
inner hole, it fixed on the hardening conditions which insert an optical fiber and are held for 60 minutes 
at 100 degrees C, and the optical connector plug was produced. Then, after grinding the end face, the 
situation of an end face was observed with tiie electron microscope. Consequently, one adhesives layer 
of an inner hole is thick clearly, and it was checked that the optical fiber inclines toward the side 
attachment wall of another side of an inner hole so that it might be observed by drawing 6 . The gap 
between the inner hole of a ferrule and an optical fiber periphery is 0.1 micrometers, and was partial 
about 0.9 micrometers in the narrowest place. 

[0050] The ferrule for optical connecters was produced using the capillary tube made from zirconia 
ceramics, and it actually connected at random, without aligning eight samples. 

[0051] The theoretical amount of the maximum imperfect alignments on a dimension in case there is no 
alignment effectiveness was set to 2.0 micrometers, according to several 1, it became 0.69dB [ a 
maximum of] connection loss, but for average connection loss, 0.2 IdB and Maximum connection loss 
are [ 0.50dB and a standard deviation ] 0.1 IdB in passive alignment connection, and the result of real 
measurement hardly aligned an optical fiber. The connection loss distribution at this time is shown in 
drawing 7 . It will be set to 0.54dB, if 3 times of standard deviation sigma are added to the average and 
Maximum connection loss of 99.7% of probability is searched for, in order to guess maximum. When it 
calculates by several 1, it is equivalent to a 1.76-micrometer imperfect aligiunent, and this value is 
mostly in agreement with a forecast in case there is no above-mentioned alignment effectiveness. 
Moreover, this result is in agreement also v^th the resuh of having observed the electron microscope 
photograph of an end face shown in drawing 6 . It was checked that alignment of an optical fiber hardly 
takes place also from this result in an inner hole with the capillary tube for optical fibers made from 
zirconia ceramics with small surface roughness. 

[0052] moreover, the capillary tube and EQC of the product [ case / of the capillary tube for optical 
fibers made from borosilicate glass produced by the extension fabricating method / surface roughness ] 
made from zirconia ceramics - or it is Ra value not more than it. After Ra value's having prepared 0.1 
micrometers or less, and concentricity's having prepared the capillary tube made from borosilicate glass 
with a bore larger about 1 .0 micrometers than an optical fiber by 1 .0 micrometers or less like the case of 
the above-mentioned capillary tube made from zirconia ceramics and pouring in adhesives, it fixed on 
the hardening conditions which insert an optical fiber and are held for 60 minutes at 100 degrees C, and 
the optical connector plug was produced. Then, electron microscope observation of the ferrule end face 
for optical connecters which ground the end face was performed. Consequently, like the capillary tube 
made from zirconia ceramics, one adhesives layer of an inner hole is thick clearly, and it was checked 
that the optical fiber inclines toward the side attachment wall of another side of an inner hole so that 
drawing 8 might see. The gap between a ferrule inner hole and an optical fiber periphery was 0.05 
micrometers in the narrowest place. 

[0053] The ferrule for optical connecters was produced using the capillary tube for optical fibers made 
from the above-mentioned borosilicate glass, and it actually connected at random, without aligning 12 
samples. 

[0054] The theoretical amount of the maximum imperfect alignments on a dimension in case there is no 
alignment effectiveness was set to 2.0 micrometers, according to several 1, it became 0.69dB [ a 
maximum of] connection loss, but for average connection loss, 0.24dB and Maximum connection loss 
were [ the resuh of real measurement / 0.5 8dB and standard deviation ] 0.1 4dB in passive alignment 
connection. The connection loss distribution at this time is shown in drawing 9 . It will be set to 0.66dB, 
if 3 times of standard deviation sigma are added to the average and Maximum connection loss of 99.7% 
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of probability is searched for, in order to guess maximum. When it calculates by several 1, it is 
equivalent to a 1.95-micrometer imperfect alignment. This is mostly in agreement with a forecast in case 
there is no above-mentioned alignment effectiveness. It can be said that alignment of an optical fiber 
hardly takes place also from this result in an inner hole by the optical fiber stub using the capillary tube 
made from borosilicate glass with very small surface roughness. Moreover, this result is mostly in 
agreement also with the result of having observed the electron microscope photograph of drawing 8 . 
[0055] As mentioned above, since an optical fiber carries out [ Ra value of surface roughness ] 
eccentricity in the ferrule iimer hole for optical connecters by less than 0. 1 micrometers, in addition to 
the inside-and-outside side concentricity of the ferrule for optical connecters, the difference of the bore 
of an inner hole and an optical fiber diameter will be added to the amount of imperfect alignments at the 
time of optical connecter connection. 

[0056] Next, how to produce the capillary tube for optical fibers, and the ferrule for optical connecters 
using it and the capillary tube with an optical fiber of this invention is explained. 
[0057] When producing the capillary tube for optical fibers of this invention, a glass phase and a crystal 
phase prepare the base material which consists of glass ceramics contained at a rate of about 50 to 50, 
and produce a capillary tube by drawing processing it is [ processing ] the same manufacturing method 
as an optical fiber in the molding temperature near about 1200 degree C about crystallization glass. Ra 
value of surface roughness produces the capillary tube which has the inner hole which is 0.1 
micrometers - 0.5 micrometers by making it deposit, controlling diameters of crystal grain, such as beta- 
spodumene, by performing heat treatment according to the crystal deposit conditions of this base 
material before the culmination of extension shaping so that tfie diameter of crystal grain which deposits 
is set to 0.1 micrometers - about 1.0 micrometers. Ra value of surface roughness is 0.1 micrometers - 0.5 
micrometers. Ry value of surface roughness Or an inner hole 4.0 micrometers or less, It becomes 
possible to produce the capillary tube with which Ra value of surface roughness is 0.1 micrometers - 0.5 
micrometers, and the difference delta of an average line and a crest crest line is equipped with Ra value 
and Ry value of an inner hole 2.0 micrometers or less and these surface roughness, and the difference 
delta of an average line and a crest crest line has an inner hole 2.0 micrometers or less. 
[0058] Moreover, the capillary tube which has the inner hole whose Ra value of surface roughness is 0.1 
micrometers - 0.5 micrometers by heat-treating the capillary tube which consists of glass ceramics after 
shaping and processing. Or the capillary tube with which Ra value of surface roughness is 0.1 
micrometers - 0.5 micrometers, and Ry value of surface roughness has an inner hole 4.0 micrometers or 
less. The capillary tube with which it has Ra value and Ry value of the capillary tube with which Ra 
value of surface roughness is 0.1 micrometers - 0.5 micrometers, and the difference delta of an average 
line and a crest crest line has an irmer hole 2.0 micrometers or less, and these surface roughness, and the 
difference delta of an average line and a crest crest line has an inner hole 2.0 micrometers or less may be 
produced. 

[0059] On the other hand, in producing a capillary tube with a mechanical means Glass ceramics, glass, 
or ceramics of an ingredient is usable. In case capillary tubes, such as a product made from zirconia 
ceramics, are produced, the internal-grinding processing equipment used in the phase before finishing 
polish is used. According to the degree of hardness and abrasion resistance of an ingredient which have 
a dimension configuration, the dimension configuration of a grinding wire, a class, particle size of an 
abrasive grain, etc. by carrying out selection use suitably [ whether Ra value of surface roughness 
processes it on 0.1 micrometers - 0.5 micrometer inner hole, and produces a capillary tube, and ] Or the 
capillary tube with which Ra value of surface roughness is 0.1 micrometers - 0.5 micrometers, and Ry 
value of surface roughness has an inner hole 4.0 micrometers or less. The capillary tube with which it 
has Ra value and Ry value of the capillary tube with which Ra value of surface roughness is 0. 1 
micrometers - 0.5 micrometers, and the difference delta of an average line and a crest crest line has an 
inner hole 2.0 micrometers or less, and these surface roughness, and the difference delta of an average 
line and a crest crest line has an inner hole 2.0 micrometers or less may be produced. 
[0060] Thus, the produced capillary tube is used, Ra value of the surface roughness of inner hole 20a as 
shown in drawing 1 (A) produces [ the difference of about 2.0 micrometers, an average line, and a crest 
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crest line ] about 0.3 micrometers, and Ry produces the capillary tube 20 for optical fibers with the bore 
of inner hole 20a larger about 1.0 micrometers (0.95-1.05 micrometers) than an optical fiber by about 
1.0 micrometers. 

[0061] Next, if an example in the case of producing the ferrule for optical connecters of this invention is 
shown C beveling processing is performed to the periphery edge of perpendicular end-face 20b. the 
medial axis of the capillary tube 20 for optical fibers as shown in drawing 1 (A) produced by the above- 
mentioned approach - receiving - abbreviation By performing preliminary convex spherical-surface 
polish processing centering on the end face of inner hole 20a, in being required, and fixing 21f of flange 
members to end-face 21c in which flare section 21e which shows an optical fiber to inner hole 20a was 
formed The ferrule 21 for optical connecters as shown in drawing 1 (B) is produced. 
[0062] Subsequently, the capillary tube which consists of glass ceramics produced by the approach 
previously described that an example in the case of producing the capillary tube with an optical fiber of 
this invention as shown in drawing 1 (C) is shown, or the capillary tube produced by the mechanical 
means is prepared. As shown in drawing 10 , it has high roundness with the dimension whose outer 
diameter is 1. 249mm* *0.5micrometer, and inner hole 25a has become 126micrometer+l / -0 
micrometer to the diameter of 125 micrometers of a silica glass fiber, and this capillary tube 25 positions 
an optical fiber correctly to the ferrule for optical connecters of the shape of an approximate circle 
column whose call diameter D is 1 .25mm whose concentricity is less than 1 .0 micrometers, and can hold 
it now. Flare section 25e of the approximate circle drill configuration which guides an optical fiber 22 
and makes insertion easy is formed in the end face of a capillary tube 25. 

[0063] When producing a capillary tube with an optical fiber, after filling up beforehand inner hole 25a 
of a capillary tube 25 with adhesives 26 like drawing 10 (A) using capillarity, a vacuum aspirator, or a 
pressurization injector, the optical fiber 27 with which covering was removed fi'om flare section 25e is 
first inserted like drawing 10 (B). Under the present circumstances, inserting an optical fiber 27, 
homogeneity is filled up so that air bubbles etc. may not produce adhesives 26 in the gap of inner hole 
25a and an optical fiber 27. Then, adhesives 26 are stiffened and an optical fiber 27 is fixed to a 
capillary tube 25. 

[0064] Moreover, when adhesives 26 are thermosetting, as shown in drawing 1010 (C), it puts into the 
heating oven 30 programmed by the predetermined temperature schedule, and the adhesives 26 in a 
capillary tube 25 are stiffened. In this case, for example, the case of the adhesives hardened by holding 
at 100 degrees C for 1 hour or more, generating of the contraction stress produced at the time of 
adhesive setting and air bubbles can be reduced by hardening adhesives above holding at 20-70 degrees 
C for 5 hours or more, and 100 degrees C, and holding at 70-20 degrees C for 1 hour or more at the time 
of a temperature fall. 

[0065] Subsequently, when producing an optical fiber stub, as shown in drawing 1 1 , the long capillary 
tube 25 with optical fiber 27 whose overall length L is about 250mm is cut, and an overall length LI 
divides to the 12.5mm (6mmx2+ cutting margin: predetermined die length : 0.4mm-i- polish cost : 
0.1mm) capillary tube 31 with optical fiber 27. 3 Id of 45-degree C chamfering of the edge is processed 
on the both-ends sides 31b and 31c of the capillary tube 31 with this optical fiber 27, and R processing 
of the corner part which 3 Id of C chamfering of the edge and a side face accomplish is done. 
Subsequently, the member 32 with an optical fiber is produced by carrying out PC polish processing of 
the both-ends sides 31b and 3 Ic at the convex spherical surface. 

[0066] Next, as shown in drawing 1 1 (D), the include angle of 8 degrees is given and cut to the field 
which makes a medial axis a normal for the central part of the member 32 with an optical fiber. 
Subsequently, the cut 8-degree slanting part is ground to a mirror plane, and the optical fiber stub 22 is 
produced. 

[0067] Or 3 Id of 45-degree C chamfering of the edge is processed into end-face 31b of the capillary 
tube 31 with optical fiber 27 whose overall length LI is 6mm, R processing of the comer part which 3 Id 
of C chamfering of the edge and a side face accomplish is done, and PC polish processing of the end- 
face 3 la is carried out at the convex spherical surface. Slanting polish of it is carried out until the 
include angle of 8 degrees attaches end-face 3 Ic, and finally it is ground to a mirror plane, finishes end- 
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face 3 Ic, and produces the optical fiber stub 22. 

[0068] In addition, Surfcom by Tokyo Seimitsu Co., Ltd. of a sensing method which contacts a diamond 
guide on a sample front face was used for Ra value of the surface roughness of the capillary tube inner 
hole for optical fibers, and it measured by one 10000 times the perpendicular scale factor of this, the 
scale factor 50 times the level scale factor of this, and the 0.3mm [/second ] reading per second. 
Moreover, an electron microscope photograph is taken by one 700 times the scale factor of this. 
[0069] 

[Effect of the Invention] The capillary tube for optical fibers which can realize low connection loss 
which is demanded with development of an optical-commxinication technique using the predetermined 
surface roughness prepared in the inner hole according to mvention, It becomes possible to produce the 
ferrule for optical connecters, and a capillary tube with an optical fiber. The outstanding effectiveness 
which can offer the optical device which connection loss good [ without needing an alignment activity ] 
was acquired, and used the optical connecter using this cheaply producible capillary tube for optical 
fibers and the capillary tube with an optical fiber is done so. 



[Translation done.] 
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SiZTT^-rXoiz. 3t3^^^'^7'7^1 Oti, 3fe7r'fA- 
1 2*«JfA^«g^rl*lMS-*^ai*I?Ll 1 aS:iii.fc»?g 
^^ai<i$rF;fS(^J^«DI Itz^o :?ffl7 x/l/- 
;H l*^'fi6ffl$ti. ^n^m 1 ate. i^ffJT'3t7T 

A'l 2**if«$ti. mmmmm^zm:^tix\.^i>. 

ztihff)^a^^ify'yi^i o^±(r)mut. ±yr^ 

A'l 20SSffll 2a[31±SrSlJ')XU-7"l 3|*IT'?II^^ 

HzPCWm(^yr^jn 2|3|±<ofllrmt 
eaLt4-fl>, 3K7T^A'i 2|51±<7)tfrf#i(i. m 
§i^«.3t^^^^'^'ffl7x/^-;n i |3i±<7)j'|.f^t , jjg 
BDi^l*l?Ll 1 a^XRSfc^jSMl 1 bcT)^^!^, 

^^:?^ffl7x;l'-/H icOrtTLl 1 atJ'hi^ffil 1 bco 
ISl'DSt, fflfficOrtTLl 1 a|*I-C03t7T^Al 2<r>m 
't^&b1fm.^tifzh<r)tLX±th, Ztl^coih. 

%^^9^my3i}i^)vi \tm<r)m,\ i sit^wm 

1 1 btiOlSI't^jSt, aB<0(*3?Ll 1 3.\HX'C0ityr^ 
A'l 20il'i:'«/)i. l§i'-^*)-ti:^>iiS3fe7r-f>'N'|S|±co 

«rm.tfit)S^tTv^i,. •e<0!ty>3ten^^:?ffl7x 

/l—zU 1 1 <nn>L-mi i^yyiV^ - H3fe7 r ^ a'S-^i,'* 
SiifiT-ti, 1. 4//mmTi:SS$ilTV^|,. tfz. 
P^m 1 a(±l$A$ixS3t7r'f A-1 2c7)^f-g(lMLt 
0~l/im::*:#v>7x;l/-;P**fi6ffl§h.Tv^|). ioj; 
0<ir3t7r^A'i 2c7)«i-mMdtJg^tl^Loss 
(#^4dB) tcom&iii. 3fe7r^A'<7)3rSS:wiL 

[0007] 

mi] 

(d/ (w/2)) ^ 

^ffill b t^^n't-^t. rtTLll artt'<03t7r^ A' 



1 2(r)m'Cmzm^Lx^mt^. tr. ito^^^i/m 

7L1 1 ai0l*l@*«3t7r-^Ai 2J:0 l//m:*c$v^3K3 

flirf 2 . 4 ^ m t ^ 0 , ±l20Sc 1 X\m-X 
1. 0dBc7)«g!}S*t^|,. f^-C% 

I S-C-59 6 2)C«SSiTJtO. 5dB£lT<0Sf 

i^a^ IrS^-t I) Jt46lc:t±5e 7 r ^ Affl 7 x /l-wP 1 1 

>>''gPttl4C0i|ffl(c9 0' e^y^ ( l/4lHl«t-y 

-;n 1 |31±<0ffl>i:*isj*^i?-«f s i 3 {=tt«^S:t 

^'^T't-^'-t^*^^.. l/4iaig-f03ta;^-^':5'ffl 
7x;l^-;H 1 $rIll!!g§-fr^^Ji**-'et,^<;2rl.l3g 

[ 0 0 0 9 ] -^r, m.<nm 1 2 ic^-r J: 0 ^£±rJU 
Xfct,|3]«^iSIR*«ec:l,3&J. 3trj;^^:J'7-7^^3i;3K 

7r^A-;?.:J'7'6t^m-t^Ji^, \yyX2X'm± 

7L7 ai*ifc:S>|,3t7T-^A8<04"ll^i:iO(i[S^O^ 

3t7r^>'U:5'7"6 (7)3^7 r^A'ffl^i:7<7)SSa 

?t7 T ^vN'soii'WcgSL^cttrrn^iigji^&c: 

[ 0 0 1 0 ] , H 1 3 [zm-ti. 0 1 . PI'C^JgiT)^!! 
*n . A IX mUTX'. *^ortg(^i^||**3t7 r ^ >U 2 
«^l:@tCWt-0;um/+l. Otxmt\^'!>imzmL 

^^■^nfs.(m^ ^-9 ^'ffl7 x/i'-zw 1 1 iimm-htz 

jDlLt tt±tf l.-t«>, iJ'^^:< 1 1 Wfflfc ttc^ffiffl 
[00 11] c:<0J:a=5r>'';t'n-r-ir7S^';^SBt3* 

^':J'ffl7x;U-/H l*mii-t6^ffiffl$«Raffl*< 
0. l//m*}1lt'Sil.|*IfLl 1 alC3t7r-f>'N'l 2SrJf 
ALT««ffK'H€Uc^. 3fe7r^vN'i 2W|*ifLl 
laffl|MCffloT(8't»1-&i«l«iI{C3fe*), rtfLl 1 artc^ 



!(3) 003-149502 ( P 2 0 0 3- 1 4 9 5 0 2 A) 



/P-yH ITti. ^J^fi0vy^;l't-H3ie7r-f>'NTi 
^ffl3t3;t-^'^'<7)atS(J I S-C-5 9 6 2)Cieil$ 
*tJtS«!«*«=0«Sffi-C*> SO. 5 d Biai^l $r^fi!4t S 
^«)t:±IBO J: 0 ^r«i? t 

01 2t^-t7t7r'f>'N'X^' 7^6 tTt:!^^^' ^' 7-5^3 
i: OSig^c^l^tC t l>*^ 3t7 r J^X 
^'7'6<0«jt±. P;i?<^^*5T-#^<.^7ti61**<7)v>3 
:iT-fe7 5 ^';^ikOjt7 r 'f >N'ffl^W7 JrfflV^feJi 
^, I*I7L7 a|*I(:7)3l£7 T-f A'Scoffl'WcSHLf^ltf^l 

mi. 

[ 0 0 1 2 ] ^mm»(7)dii>. 
m^ff)ms.mx'hho. 5dExy)h-^hi.z^\^wm 
tz^^z\,i. mi3i,z7r^^±aA^9 ^my x)v-)vi i<r> 

<^rS. tfz. 3t7r^A'W^«3WS:Jlo:Uc012t 
^3K7r^A;^r?y6fc-:>v%Tt. PC«?igga5*«3fcn 

my x;w-;wi: lai^offiitt'J) 0 . mzm^^m 
[0013] ifm^i. m<mmmzm?i-xts:^ixtz 

S.o^fcf^3!>f^«g^r3K7r>fyN'ffl^^i:, -J-iiS: 
fflv^;t3ta;t^^?:J'ffl7x;U-;k &tX3t7r-f A'f^^ 

[0014] 

<.zwmh\.mT<^xot!:%mzm'^fz. ep^., *iih^ 
>.zm%y r ^ i-<m%mmi .%yr^ j^mxm^ 

m:nm:^-thm.^'iai.. rt?Lc7)^ffiS§ORalI 
*>'0. lAtm~0. 5 p.mX'hhZtim^b'fh, 
[ 0 0 1 5 ] 3t7 T A'ffl%*ffl«=cOrt?L<7)^®a$ R a 
mo . 1 m*>lT'$>l. t , if A$fi5t3t7 r ^ / W 

W#T'^^V\ -:^r, WLcO^ffifflSiORaffi^iO. 5 
//m5:S;il.Jl^, t L-C^«$^xtv^|,Ry 

WL. m.<r>m:mn^m>bm.mfixLtom 
^^^<ti:-^xm.<r)^^<r>n>mmm%±M< ^ 
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[00161 mm. i;)V3-r^^ s ^xm^m? r 

SCO^M- 0 M m/+ I. 0 ju m , |BIit^Jgc7)^|| l . 4 
ittc=5:0, ^^iXimi-lZbiiy^t'^miz^j:^. 

[ 0 0 1 7 3 ^^vi. mwrnizii-yxi^mtimsiit 

fflv^i.%aswt ixmu^^m&im&i-^^ti}^ 
[0018] iTt, :^^m<^ytyr-i^<m^mi. [*j 

izX'^xx'^i>Pi<r>'P'biznL. m.(7>m:iHmPim 

'^'O&.mmnx Ltomm'o. rt7L<7)**op]c^JK 
mf}mM±M<^j:'^xLtom. mKm^muzau 

mX'WX^tifz^y T ^<aMfC«2:ottT Lto^ 

^^■^mi^m%i-h±X\ l*lfLiO«Mffl§ORyttfc 

[ 0 0 2 0 1 , *^Bjo3t7 r >f yN'ffl%fllPtt±. 

tOll*>'2. 0;umOTT'J>Sit^!Rfmfc-ri.. 
[ 0 0 2 1 ] 7t7 r ^ >'N'ffl^*fflW<7)rt7LO J I S - B - 
0 6 0 lT'«ll§ilTV^4aBffi§<0^%i|Ri:aj]Itlfc 

0*'C»{2a3!»*-ftLT Lll d JS3&<* 0 . |*I?L<^**<^|5I'C> 

o^^{>hi, ^^mco^yr-(y-im%m§X'ii. 

^> ^ ^ r 7 7 r ^ U T'^^fe 7 r ^ 

'§mmh^y r A )<mm^<r)^\zn-mx(n% 

yT^)^<rmim%^\khiLX:. ^ffisfi$<^¥i^^t« 

\.mbmmmm^x'\j. mm.'^mm.b 
^mkb<r)m2. 0 nmxx^x'hh^bm^xh 

m.mxMzm^-ki$[^^^td»^m.ii'yX.ij^t:,ii: 
0 . msn^W,z^^=Hfi^^ \JX\^h:Lbi:m'^b 



[0023] *%TO^fBW;y7Xtt>tc©rai$-t^^^B 

tut. %yrAm^smm.<r>mM.'^<r>K^m 

0. lxim~0. 5 p.wbt{:htz^\,Zii.t. 

0. ljum~l. O/zmSST'J>ittf<$ffl^lgt'i)0. 

[0 0 24] ifc, *l%B3c7)3t7r^v^m$iBl=^i, 1*1 
[0025] *l|HBc05t7 r ^ f^WmSXmsr^ 

^K^Srfflv^l, i t J; 0«llW(:pJf^HF*llc*Jffl$ 
Mi^W^'^-kmyth^bti^f.mi.hiih. C<0J:3 
^rJDl^gfc J: 0 , ^fflffl$ i^R afi*>'0 . 1 m- 
0. 5MmTj)Sl*l?L. «BeSiORaffl*iO. l/^m 
-0. 5//m-e$)'9. *»-:)^ffifflS<:0Rytt*i4.0At 
mmT<7)|*l7L. «fflffl$tfORa{i*50. l/zm-O. 5 
/xmT'*'5, A^o^%ISi:iljJMIIi:<7)||*J2. 0//mia 
T^OrtTL, *3J:t>\ ::n4>^ffiffl$<ORatt3tyRyffl 
*'->^J^fcllj]Iiai:<0ll5*S2. 0/xmOT 

[ 0 0 2 6 ] ^ *^BJc03t7 r ^^•?ffl^li«^7)[*IfL 
7 r 'f A't |S1 titSS: t oey i i: ^ v> 
v\ ^^ti^^yr ^ ^"^izntX I MTa±^\.^bi.i. %y 
r^A'J:i9t,iIg*>'l//m;*C#^tyy->'*ifflO. 
Ki,'0%mMz±%t£>iy*f-i;imt>^£\^Zbk\.^ 
0. rt7Lt3t7r'<^N'i:c7)^ll*^'0^(mT*J>l>i:3t7r 
-<>'WjfAT-#t', -^r, m.b1ty r M'^bcmmffi 
2. Oumimx.hb.ityT^'^oym'Ol.zm^^tlX 

\^i>mmmmi;mzmiLxmt<7)x:m.m<n^ 

yrA )^<r)'m't-m.ifi± %<t£h. 
[0027] *^Bflc7)3t34^^':?ffi7x;P-;P 
ti, ±lB*56Bj«05ii7r^^<ffl*iffl^K. -^r<0Jigl3!{c; 
x'J-:/A,<7)»AS:^l*|-r-g>tilROSI5t. fli!:^«gl!(c 
WD t-C 3^7 r ^ M'^ rt?L{c?g|*i-r & 7 l^rast 

[0028] im^<n%-a^^^ ^ffl7i;l^-;Wt LT 

m%^^-7 ^r^ybfm<r>mkw^xm.t'^ 

OastLtti. Slffc03K^^-:?:5'ffl7I;^-/^t|3Itt^r 
^m.x:hhb<m\iz-^i?ts:<. yvrUbLx 
ti. 3t7r'(A'Srl*l?Ll=S^lcJfA*^'nr«g=Sr?e«T'$) 

"9 . 3fc7 T Ai<-<mm}iz^<r>msmm^^^h 



1 0 0 2 9 ] t , *f6B305fe7 r >f n'tt^'ia . ± 

[0030] *I6B3<0*7 r ^N'jt%*BWi: Lt . 3fe 
3t7r'fVN'X:5'r. &l^C:ix^><0<^ 

^ J-^m^^(n^-Uz%y r >'N*S-IE?IK{4S$-ti:l. t 
'J'^^j:<t{y%yr^m^'^<r)-mzWS.^U^ 

{hmmm^^ixx^yciii^,^, ttz. %yr^j<m% 
xtc^^j^Srvu 0 ^z%m<r>xwsmi,znLx^mifiWijs. 

<r)fim:m-Xo\,z-mmmi^tiX\^Xiji.\\ %yr 
M<'Wi^'^(r>mxz%y r ^ f<^^mr^hWm>L t 

[0031] 

SORa{l*50. 1-0. 5//mt'J)l.c7)T\ rtTL^ffl 

[00 3 2] ^/c, *l%Bj<7)3e7r'fA'ffl%se«{4. 

fLc7)Sffiffl$£7)RyJi^'4. Qijj.xa.\>XfX'hh<r)X^n 

^<mm^<n^nmz^'>xx%hv\<n^uzni,x 

[00 3 3] ^h\z. i^W^m.yrA)<mm^\,i. 

mjr)^w^^(n^^m.>L ajiiiii:c7)ii*i2 . 0 mj.:i 

^t-r, rtfL<7)®v^Kns^i'mffii:«oisi;c,,s^5Hs-f I, 

[0 0 34] tfi. im^m%yr^)^mm^\,i. n 
0, ^^^^yx^mmm-x-m^izw^thzuz 
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0. 5/zm<7)|*lfL. ^ffiffl$<7)Raffl*<0. l/xm~ 
0. 5umX't)^. *^oaffiS$(7)RyJl*M.0jtxm 

0. lxtm-0. 5MTnX'h*). i}--o^^Wit\hmWib 
<r)m.ifi2. OjumOT«^i^7L2rfi-ri.^@, *Ji:tf. 
itT.<?>«ffla$<ORaffiRI^RyffiS:fi|;i, *'OT%i8 
tajH^t (011*^2. 0AtmJilT(O|*)fLS:^r'fl.%ffl» 

[ 0 0 3 5 J S ^, t . *?&Bgc03K7 r 

mj^mmiz. mmm\a.^mzi:r>xm%ff3mm. 
%i'A^ixtch<nx\ ^mmmjmmmim^^h:ib 

tiiJ^ffiffl^iTJRafflj&iO. l;um~0. 5x<mC0|^ 
?L, ^ffiffl;^<5DRa<i*«0. l/^m~0. S/imt'J) 
0> *^O^fflffl$<ORyffi*«4.0jumJaTiOrt7LS:*r 
•fS^f . St^^fflfflSORafI*>'0. lxim~0. 
5/imT'*"9. *^o^i^^i:ilj]I^i:«ll5*52. Qu 

ORaiaat/RyllSrli;t, J&^O^i^JSi: iljTlMltcOll 
*J2. 0//mUiT«7)|*i?LSr^-ri.3e7r>fA-ffl%jSl«f^ 

[ 0 0 3 6 ] ^wm^^ my x)v-)v 

(4, ±.m^W^<r)%yr4m%im^z. -^ro«ii(c 

X y-T'^oiitA^^rtt- i.fflix ospt , mcomz 
rap L7fe7 r >f ^N'^i*]?Ltcigi*i-r & 7 vrspfc*«m§ 

^m^^<<zi,hmit:m^i>zii^%a^^^ ^my :l)v-)v 

«0rt?L4"i:4c3t7 r ^ ^ WiESIttSJf Sitl. J: o (c^r 

[0037]^^^, if^m^y r A fM'^^im^i. ± 
^Wn<r>%y r ^N'ffl^^t , wty r 

mnmj.zm^ixft%yT^f^tmtx\^^ff)x\ 
yr^^M^^mmi^ixh, 

[0038] 

[^BflcOHiScoj^®] l%BM<^t4. *l%BBt(^l.5K7r 

lto*S^;y7;^S!03K7r^A'ffl%||j§^<^L^. 
[0039] 

[an 
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[0 04 0] m (A) {Z^tXol/Z. l*l7L2 0aco^ 
®fi$<?)Raffl*!. m. sum. RyU^fl^ 

2. oum^ ^mmtihTmcomi3<mi . o^umtm 

2 0acOrtg*>'3t7T^>'U'5t>**)l. OAm(0. 9 
5~1. 0 5um):kt\>^W&it/f^XW)t/t7r^^'i 

ffl^W2 0&f^SUCo 

(B) {ciKtJ:a'5r3ld3^-^':J'ffl7x;l/-/k2 l^f^ 
Uc. BP^. f^Lfc3K3*^'^'ffl7x;l^;U2Hi. 

0!l;tlfs . 249mm±0. 5;um. ijfi 

Br^f^^WS? **LT3fe7 r ^ Wif «$nSl*l?L2 

latf0|*I@*J0. 1 2 5mm+ l/-0//m. lai^C^Jg^i 

0 . 7 jti mOTT'*> 0 . -1i<r>^^ 2 1 c (Cian 

r-f A-$rrtil2 1 alC|grt-tl>7^ra5 2 1 e^^fh 
il. 'iJS^:^W477>'xg|5ff2 1 fimi^ill, 

ffl%iNe«2 0S-ffifflUv:3t=i^^^ffl7x;l/--;P2 l 

mM^zmmth^t^m^xhh. t(^\,zwmmi 

^L-tV^i^fcti, 01 (B) tq^-ridt. rt?L2 

1 a<7)«ffi2:«t"ti;L^i^filW^rfl«iS?:jeBitL-rfcv^ 

[0 04 2] efBfli;y5xSk03t7T'fAffl%iffl 

l=2 0 5:ffifflLT, HI (C ) tc^fi 3^3t7r>f a' 

7'2 2tt. ±faF;fS(0^®a§5:*tl.rtfL2 2 afc3fe 
77^(^2 3S:g^«S«j24{=J:0ia«Lt:*50. 18^2 



®2 2b«. ^Mai5lCCiB]D{2 2d*^tt'9n-C3K7r 
'f yN'2 3e7)ffi®2 3 a?:«C»i: P C«iKffl<^ei«ffi 

[0043] Hl^t, *iBffl$iB!lSSS:«ffl LT ClOife 

7 r ^ ^ 2 0 «7)rtfL 2 0 a co^ffifi $ SrHS L 
Jt. 3t7T-^VN'ffl^«2 0<^l*l7L2 0aco^affl$$: 

n% ummi-^- h <7)HHim 2 iz^t. 03167 t 

-fA'ffl%ffl«2 0<0«-&, ^IBffl§<ORaffl{±0. 2 7 
Atm, Ryai2. 0 9xtm. i^fclJjlIISfcOM* 
«1. O/imffc^. 

[0044] tt:. 3K7r^Affl^iil:2 05rffifflLT 
mLtz%^^-9^my3^lV-)V2ll,z%yr>{f<>im 

m\<.zxmmL. mm^BfLfz^mi%=i-w!mx' 
m:^n->tz. ±y7^)«nw^izm-fhimmi,i. 
-m^zm^ixx\^hx.rfi^:^mmmimL. ^ 

mmmit^mi i o o-cx-e o^mi^t Ltz. ms 
i,z^ti. 0 \,z. m.<r)\,i\s^m.mz\,mi^m-^M^<r> 
^^mm^ittx^vT^mo. lumcmfixi 

TO. Afxmm.mi^s^tlX\-^h:ihtmiWz, 

[ 0 0 4 5 ] ^ ±Mtmm\.z%7r^ 
mmm 2 0 srffiffl UT . n>t-m \. otx mmx' 

h'O. I*I?12 1 a<7)|*i@(i3K7r^>'U'9*^l/im:*c^ 

m7jiii'->u2ii>zyty7^j<?:mmuzi m^i. 
mm\mti±ifLx^a^^i'ry^t itisoB 
1 3iz^.txd^j:m.x\ mi^^m^itrizammy 
rj\^t:^yyMzmmuzb^ff)i^m^immif::, 

7x;P-;i^2 li0i*i?L2 1 afHX'^yr^^Wm^s^ti 

*) . 5tie<7)iiC 1 izXtlii&^O . 6 9 d B(7)g^^J»^fc 
=5:Sj&«, lljl!l^-r'«iEp;S^T^%gg!«***0. 0 

8 d B , 0 . 2 4 d B , mmmmii^o . 
0 6 dBt\>^d^^<nhtifz. wckmmmt^tzi^ 
iz^imizwmm0<7)3mi:Mi. 99. ixcomm 

(Dm:kmmm^^^ib?>t 0 . 2 6 d e i: , imm 

*0. 2 6dB(7)t|;coiicl*-^.H-fl:$itl.|frf<lM 
tt. 1. 2//mi:^|,. rt?l2 1 aiORaffl** 

0. 27/<m. Ryffi*«2. 0 9/;im. ^i^iUfcUjlIII 
0/xmT-S)l.^ffiffl§{CioT'#<otlfc 
3t3;txi':5'ffl7x;l/-;k2 1|*I7L2 1 a|^-C<:03t7r^ 
>'N*<?DP;E^m{i: 0 . 4 /i mmS.X'h •) . I*I?L 2 1 a 
<7)±y7^f m-tii 0 . lumb m^X'h ^ Jt c: t c^r 

I.. 3mi03c7)aB^^m^;i:«oj^js*t-st 
■ra. 

[0046] $^>(:, ±IEtK«fcrt?L20a(^«iaffl 
$ORa(I*«*«j0. 3jum. Ryffi*«*«»2. 0//m, ^ 



« • 



u mOTf * 0 , rt?L2 1 a<7)mmy r ^ A'J: »)*«) 
[ 0 0 4 7 J 3t7 r A'*J||;i5$fi^i^ii^Kt4, mm 

■mm^^imnmim . o e d b . mmmm^i)^ 

0. 14dB. Siiii^*<0. 0 3dBfcV^digm**'# 

3(gSr»P;t.. 9 9. 7%iO?|*Oft:^fifMa*$:*s^l. 
to. ISdBfc^rS. C:<7)t|^cojgti3!)»ii,ftS[§<t|, 

'bt^PH^lcJ; -?T#f>iiyi7x;U-;H*IfLl*lT'C03t 
7T-f>'N'<:Ol)aM!)m«0. 4/imgJgJ)I.C:t*>'i?*>r> 

[0048] feLlic7)J; o iz. *^HBtCf|l57fe7 A'ffl 

[0049] ciii:*=rLT . itmit IX , 

1. 0Mml:XfX'\Hm^^7r^J<Xr)hmi. Oum 
i:^<.Raffi*<0. ljum*g|T'*>S>'';W3::iT-b7 

i^xmm'smmix. mf^^zmmi:mxuz 
hi. %yr^/^mxLx 1 oo°c■r'6oi}■s«^t•r 
^^swk*f^•cll3SLt:3Ka*^5'^'r9^^•f^L7t. 

[0050] Hl^li, 'J)V:i-T^y^ ^'XS%Jffl<g=Sr 
fflv^T?t3^^^':5'ffl7x;i'-;p^f^SL. SfflcoifyT- 

[00511 mimm*£^^^<r>-tm±.(nimm». 

imfiimi2. OAtrnt^O. Stl{cJ:Wf«±0. 

6 9dB<^igig!a*t^:i,*i. %m^<nm^i.i^mim 
mx'^immwkm . 2 1 d e . «yc«fi^t8*** 0 . 

50dB, gJ«l(il|*<0. 1 1 dBT'J)0, 3t7r^A' 

mmiiZTskt. wckm^rmmthtzMz^i^m^zW: 

*ffill<T<7)3fgSrjDi., 99. 7%Oll4icOft^^a 
ifeSr*«>l.i:0. 54dBfc^S. jKltcJ:Ott»t-«. 
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3K7 r ^ A'<^iH:S;*<H i: ^i:'ie^: /5>:5rv%^ t ijW^ti 

[00 52] ^fc, ®tt^y^HJ:o•Cf^$^^.^^;^»> 

«y;I^3r.7-fe7 S ^'Xg<0%$fflWt |31^*^^>I.VHi•?■ 
^lfilT£^Ra^iT'$>l>. ±iE<7)^';i/3-T-fe7S?xS 
^ffi^«-^i;|5)mcRa{i*«0. iMmtiT, |3|'C>S 
*»' 1 . 0 /z mUT-e. rtS**3te7 T A' i 0 t,*<J 1 . 0 

mi^ltzhb. 3t7r^A'5r}fALl OO'Cf 6 0 
:«-|^fiSJ^-r S S^t^i^TS* tt3K3^x;7^7-7^^S-f^ 

sjLit. ^(m. mmmmitz^^^^i'^myxji^ 

(itihi^oiz. 'j)ua-T-tyi^xm(r)^m^tw\ 
m. [Hiicr)-'ij(ommi}mhMzm<^j:^xi3'o. 
niKm^cmmizyty r A**Jiio-c z t *<5ii2 

$ix;t. 7x;l^-;H*i?Lfc3K7r'f A-jri-j^tco^coiilfig 
^iftt)^I^V^^:C:-!)•C•0. OSz/m-C^-^^t. 

[0053] ni^t. ±m<^t^^'!r^myxm^y 

r A'ffl^JH^Srfflv ^■C3fe3 ^.^^ :?ffl7 x;l/-;PS-f^ 
L, 1 2ffl<?)-9->'7*;PS:P,-S;-fr-r{C5V^^At^ggL 

[0054] i«:S3«im*i^:V^Jl^c7)^±iOai&W^:g 
±W1'■^^*^i2. O/zmt^rO. gtl tJ;iilfft::*cO. 

6 9 d B(Dmmmit^j:hti<. mmM<^mmmem 
mv'Fimmm^i^o . 24dB. «^iK«**«o. 

5 8dB. SJpfiHi^O. 1 4dBTJ)-?Jt, 

co«8?a^3)-^s- 1 9 {:^-r , &:km^tmi-i tmz 
'?-i^mzmmiMma<7)3(^^Mi. 99. 7%(Dmm<o 

*)tf»-rs 1 1 . 9 5Mm(Dm'tiizm-ri. ztm. 

mmi}^i^i>. mW&$ijfmihX^b^\>^t^^ir-(mi!fy 

xm<D^'S^m\' ^fz^y r-if'^xi' 7"T'{ii*i?irt-C3K 

[0055] feLhSOidtC, «ffiffl^(7)Raffi*<0. 1 
um^mX'^i. 7K34>;J':5'ffl7x;l'-;H*l7Ll*lT'3K7r 
^>Wii't»tT 3<0T\ %n^-^^myj.)V-)Vffi 
n^mn't-'^zMlX , rtTL«0f*lSi;7t7 r >f ^'Nllgt 

1 0 0 5 6 ] *^BB«03K7 r >f A-ffl^il-fffc , ^ 
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[0057] *j%HS<o3fe7 T ^^m^'sttmth^ 
mmtx'<Dmi>znozbx\ tffai-t-i.*sms*^o . 

l/zm—l. 0//mgjSi:^|)J:3fc. miH. /3-X 

WfA . 0 u mUlTOrt?L^. ^ffiffl$<OR afi|*<0 . 

l//m~0. SxxmT^O^J^IStajlI^fccOll**^ 
2. 0xxmOT<Ort?L. i3J;l^^n^,^ffifi$<7)Rafi 
m/Rymmt. *>o^F%tltilj]I^i:Wll^*»2. 

[ 0 0 5 8 ] ^yi. m^k^mTtkm^Bit:ffyXi}>(^ 

^^hwrnimm-ttztx'. ^ffiffl$wRaii*« 

0. l^tm-O. 5umThhP^ll'^^tl%m'§. f> 
affiffl$cORall*iO. 1/zm— 0. 5/xm-C' 
J>0^fflffl$ORyffl7^4. 0/imWT<Ort?L^#t& 

^Bffi?CORafi*J0. ljum~0. Sjum 
T'S.0W^i:ilj]Illfc£7)||5*52. 0/zmUTiO|*l7L 

ittimf^. i5Xx/ztii^mmm^<r>Raimsi.i/R 
vxr(omi^ti^'§i:mtxhx\<\ 

[0059]-:^, <i<fl!lfl<>=5r*St=J: oT^eSrf^ 

m(o%miimtimz. it±immmcr,mx'mm 
■^iiimmnmi&m.mim^'^x. -^mm^tr^t^ 
m<^mi'^f»imi>zfiitx. mi'7^-\'-(/)-tm 
^"^mLcomRv^mmmsM^mmt z t izx 

0. ^M§<^Raffl*iO. Ixtm-O. 5>umf*l?L{C 
taXLX^MfSt:m:-tli)\ ttiii. ^BSffl^tORa 
il*^'0. lum^O. 5umX%*)^m')&^<DRymti^ 
4. 0;ummT<7)rt?LS:*tl.%iffll^, «fflffl$OR 
att^^'O. 1/tm-O. S/xmTJbO^l^lStlJillilt 

c:ii*>«liffl^«0Ra<aat>'Ryffi^11;c, *>o^%tji 

[00 60 J Zcrilo^zLxm^titz^m^mmL 
X.mi (A) tcjnf J;^:^:. |*ITL2 0 a<7)^fflffl$o 
Ran**, mtfii^ iha. 3/im. Ry*<*<j2. 0/* 

TJ^fcllj]Itl<Oll*<*«) 1 . 0jttmt'rt?L2 0 a<0 
l^@*«3K7T>f>'U0t>*!;l. 0;Ltm(0. 95~1. 



0 5;um) ±t\.^%yr^jm%im2oim:th. 

[006 1 ] mz. *^Hflc03e3^^^':?ffl7x;P-yl/S: 

01(A) tcs^-r ct 3 tcity r A ) <mm<^ 2 0 

Wizn LT ^SS^SSffi 2 0b OJ'UlJiaic C ffiK 0 JD 
IlrJfiL. 'i^S^J^^^^±rtfL2 0a^7)^^S^1^'l:^fcL 

2 0a t^rt-ri) 7 l^rSP 2 1 e *«Jg^$fLfc« 2 1 

ctc{i7 7yi^'ISS«2 1 f $-El«1-|.c:i:{cJ:'). Hi 
(B) t^t-i:3^r3l£3*^:5'ffl7x;l^;U21^f^ 

[0062] <^s:v^t^lal (C) t^^-f ia^, *f6HJ 

hh\^\mmmtii^w,zX'yx^^tifz^'^ 
■kmmh, mot^^-Tiat. c:<o^'g2 5{i. 

24 9mm±0. 5/xm<7)^Ti§V>KnS 
5:*Uti30> rtfL2 5ati. 5^^3t7 r-<VN'oK@ 

1 2 5x/mtcWLT 1 2 6;um+ 1/- 0 jwmlC^oT 

fco, A^oi5i-c>s*n . o/imjartTfto. ffynsD 

*s 1 . 2 5 mmmna*?«03te3 ^ffl7 x/P- ;Ut 

it L-C3K7 r A'^iElit(lS^a6 LT^Sj^T'# S J; a 
(c^r-otv^l,. ^|ffll=2 5<0fflMWi, 7e7r'fA2 2 

**srtLTifAS-^{c-^-i.ii&nieB«o7i'ra52 5 

[0063] 3t7r^Af+#^f ^f^fS^^. t 
-f. 2 5£^I*l?L2 5atC|110 (A) COidlC. 

mjMm.mmLx%m^tz\%. 010 (b) 

tl, 7^ra52 5eA»^>iJ[S*>B4$n/v:5t7r-f^N'2 

26S:rt?L25ai:3fe7r^>'N'27 <T)m%Z^^ 

6 Sr®^b§Hi:t3t7 r ^ ^n'2 7 ^ ^$irif2 5 tcH^-f 

[ 0 0 6 4 ] if «^J2 6*>'^ftS^i:tt«o#&{i, m 
10 (C) mSoag;^^vjL-/Hc7'a/ 
7A§ixJtJD|ajr-7'y3 OtcAiiT^fflf 2 Srtcofg 
«S'J2 6 5:«'fb$-ti:l., ^J;tlf, lOO-CT'l 

^u^xiMmh z t x-mtti mmm-^. 2 o~ 

7 o-act 5B*sajiffiit-rsc: t . axv 1 0 ox:iii 
^x-mm^witL. ^^&^^z7 0-2 o-ctct mia 

011. mtizbizii'o. mmmmmiz±ti>m!B 
:h. mm<^m.imi-thzti)^x'^h. 

[ 0 0 6 5 ] <XV>T'. ^yr^^'<X9yt:mtl^ 
■^.mi ll,Z7iktXol,Z. :tftL*<^2 5 0mm<7)3t7 
T^^<27H<D^R%mm2 5imLX. :^*L1*J 

12. 5mm m^M:^ : 6mmX2+^Brft: 0. 4 
mm+gf®ft:0. 1 mm) <03t7T'f>'<2 7ft«0%ffl 
l?3 1K^i-Bff&. C:i03t7r'fVN'2 7f+O%iffl'g3 1 
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OjS^^ffiSlb, 3 1clC4 5' c7)CBpIX3 1 diS-jDX 
L, cms 1 d tmmttii^t:i-i—^^^:RmJ. 
i-l, iJCV^f. mmms 1 b, 3 1 c?:db^ffll3PCSf 
©ilDII-S^lfcti'J. jfe7T>f^<fta5«3 2S-f^l8-r 

I.. 

[0066] 01 1 (D) {C^fiofc. 3fe7r 

[00 67] hl^'^ii. ^M:Lli}<emmX'h^^yr 

3 1 dS-JniL, CBSIX3 1 di:l!affii:*<fig1-3-t- 

135^^ RJDI t . ffl 3 1 a Sr fl^ffilC P C Sf^jDIf 
Sgffl3 1 c«8- c7)^S*5o<^-cmSf@L, ft 

mizmtTmmixmms iciit±wx^yT>i^^ 

[0068]^rfc.3K7r'f A-ffl^l=[*ifLO«fflffl$ 

•a:S-byx>/:&^tf5acie^ttK«mss u r f c o 
mimi. SKfigF$100 0 0e. *¥fi§f*5 0^<7) 

,700 ^ofg^TS^ Lt:i> coX'h 

I, 

[00691 

[^BflcT)^*] ^mizxini. mzmn:m&(r>m 

ai^*«^/?>ix. s.r>^mizf^miMmm^yT-(jm 

[01] *iiBH<:oiiBji2T'*> -t) T , ( A ) i,i.mi^<Dmm 
izm^ty r ^^■<mmfw<^mmm. ( b > ti^n 

[02 ] *^BJ<7)|lii<7)jg©t^|,3t7 r 'f Affl^JiW 
[04] ll'Dj^*il . 0/zmOTt-J)l)S^b!f7;^i? 

[05] iii^i:>jk*^'o. 7MmaTX'hhm^\:jfyxm 



[06 ] i5fefJi<7)i;;i.a - r-fe7 S ^';^l8%$i'S2rfflt^ 
[07] lalC^e*^' 1 . 0 xz mWFX'h I 'J)V 3 :i7-fe 7 

[08] gfgmc7);};r>^^gg;y5xS?^®$:fflV^^3e 

::i^^^myx)v-)V^m<r)n=f-wmmwM, 

[09] IBI/Q^SdU. 0/immTTi>S;^'>^r^®|;<f7 

[0 1 0 ] 3t7 r ^ ^>'W%«l'»iOf^:^c^ijiBH0t'J> 
o-C , ( A ) li3K7 r 

ijiBfl0. ( B ) « ( A ) <7)3t7 r 'Cffl%aiWfc3t7 r 
-fA'SriilA-f-SiftBra. (C) ti^JWSrSl-ftfSiftBH 
0. 

[01 1 ] %yr^f<>x9:fmmm<rmmx'hn 

X. ( A ) {i3t7 r ^ ^N'ft«R^«flt*^'c.H^^:ft§ t-ro 

Br§*T./iSRc7)3e7 T ^ ^N'ft%ffl'g<^iJiBB0. ( B ) (± 
«ffiS:ffiK 0 jDl$tlJt5aRi03t7 r -< AM%Wf i^lK 
m (C) ti3t7r^Aftgi5S<^ittBH0. (D)li3K 
7r>fVN'f+a5tt§-mK^IBf-rSiftHH0 (E ) «3fc7T 

[012 3 jt^i^A-MCffiffl$tlS3K7T'fA'ft%ffl 

[013] p ctM§ixi.pii3^^:? ^ommmm, 

1 v—f-'irMt-v 

2 i^yX 

3, 10 5te3:t«:^'^'7'^^ 

4,11 %rt:^^9myx.)V-)V 

4a, 7a, 11a, 20a, 25a, 31a rt?L 

7. 20, 2 5 ityr^j^m^tm 

5,8, 1 2,23, 27 3K7r-f>'N* 

5a, 8a, 12a, 3fe7r-^^<<^Sgffl 

7b, 7c, 12b, 20b, 21c, 22b, 22 

c, 31b, 31c, 25b, 25c Sffi 

9, 13 MX'J-y 

6, 22 %yr^i<'X9y 

14, 2 1 f 77y>''gS« 

2 1e, 2 5e 7^765 

2 Id, 2 2d CffiKOas 

24, 2 6 SJtffJ 

2 5 

3 0 tm>.^--:f> 

3 2 3t7r^A'f'tli5« 
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